Background--The aim of this study was to elucidate the correlation between angiographic coronary vasomotor responses to intracoronary acetylcholine (ACh) injection, clinical features, and long-term prognosis in patients with vasospastic angina (VSA).
C oronary artery spasm is an important pathogenic factor in variant angina and ischemic heart diseases (IHDs), as well as other forms of angina pectoris and acute coronary syndrome. [1] [2] [3] [4] [5] [6] [7] [8] [9] The precise mechanism responsible for coronary spasm remains largely unknown; however, evidence suggests that the pathogenesis of coronary spasm is in part different from that of coronary atherosclerosis-based stenosis. In fact, significant coronary stenosis is often absent angiographically in patients with vasospastic angina (VSA), especially in those with multivessel coronary spasm. 10 Previous studies described different patterns of angiographic changes during the spasm provocation test, including focal and diffuse spasm. 5, [11] [12] [13] The diffuse spasm pattern is reported to be more common in Japanese than in white patients (20% versus 7%), 5 whereas a recent study has reported that coronary spasm is also frequent in European patients without significant epicardial coronary stenosis. 14, 15 The focal spasm pattern is associated with a thicker intima-media layer of the coronary artery than the diffuse spasm pattern 12 and is induced in a background of relatively advanced atherosclerotic lesions. 11, 12 Sueda et al 13 reported that patients with VSA with the diffuse spasm pattern show more tolerance to vasodilators than do those with focal spasm type. Previous studies also identified old age, current smoking, high levels of high-sensitivity C-reactive protein (hs-CRP), and elevated serum levels of high remnant lipoprotein as significant risk factors for VSA. [16] [17] [18] [19] Furthermore, a recent multicenter study by the Japanese Coronary Spasm Association reported that long-term prognosis of patients with VSA correlated with smoking, significant coronary epicardial stenosis, ST-elevation during spontaneous attack, history of out-of-hospital cardiac arrest, and provoked multivessel spasm. 20, 21 However, to our knowledge, there is no information on the relation between angiographic patterns of acetylcholine (ACh)-induced coronary spasm, clinical features, and long-term outcomes of patients with VSA. In this study, we investigated the correlation between angiographic patterns of coronary vasomotor response induced by intracoronary injection of ACh, clinical features, and long-term prognosis of patients with VSA.
Methods Study Population and Protocol
We analyzed retrospectively the angiographic coronary vasomotor response induced by ACh injection in 1877 consecutive patients who had typical or atypical angina-like chest pain who were admitted to Kumamoto University Hospital between January 1991 and December 2010. The risk factors for coronary artery disease (CAD) were defined as current smoking (smoking within 1 year), hypertension (>140/90 mm Hg or taking antihypertensive medications), dyslipidemia (highdensity lipoprotein [HDL] cholesterol <40 mg/dL, low-density lipoprotein [LDL] cholesterol ≥140 mg/dL, or triglycerides ≥150 mg/dL or taking medications for dyslipidemia), diabetes mellitus (symptoms of diabetes plus casual plasma glucose concentration ≥200 mg/dL, fasting plasma glucose concentration ≥126 mg/dL, 2-hour plasma glucose concentration ≥200 mg/dL during 75 g oral glucose tolerance test, or taking medications for diabetes mellitus), and family history of IHD, including obstructive CAD, VSA, or myocardial infarction. The study protocol was approved by the Human Ethics Review Committee of Kumamoto University and a signed consent form was obtained from each subject.
Induction of Coronary Spasm
The ACh-provocation test was performed as described previously in the indication and procedure of the VSA Guideline by the Japanese Circulation Society. 22 Coronary spasm was defined as total or subtotal obstruction within the borders of 1 isolated coronary segment as defined by the American Heart Association 23 (focal spasm) or severe diffuse vasoconstriction (90% stenosis defined by the American Heart Association 23 [76% to 90% narrowing of the luminal diameter]) observed in ≥2 adjacent coronary segments (diffuse spasm) of epicardial coronary arteries associated with transient myocardial ischemia, as evidenced by ischemic ST-segment changes on the ECG. In the present study, we divided the patients positive for ACh-provocation test into 2 groups based on the pattern of coronary artery spasm on coronary angiography during ACh-provocation test: those with focal and those with nonfocal (diffuse) spasm patterns. Figure 1 shows coronary angiographic findings of representative cases of focal and diffuse spasm patterns. Patients who developed ACh-induced focal spasm with or without diffuse spasm in other coronary segments were included into the focal spasm group ( Figure 1A through 1C), whereas patients who had only ACh-induced diffuse spasm were included in the diffuse spasm group ( Figure 1D through 1F) . In this study, ischemic ST-segment changes were defined as ST-segment elevation (>0.1 mV), ST-segment depression (>0.1 mV) from baseline level occurring at 60 to 80 ms after J point in at least 2 contiguous leads on the 12-lead ECG, or appearance of a new negative U wave on the ECG. Multivessel spasm was defined as ACh-induced spasm of ≥2 major epicardial arteries. Myocardial lactate production was evidenced by comparing serum lactate concentrations at the root of the aorta and coronary sinus, sampled during myocardial ischemia induced by ACh-provocation.
Follow-up Data
Follow-up data were obtained directly from the patients, their families, or their family physicians, in addition to the information available on the medical records, and the physicians blinded to the spasm patterns and medical details available in the medical records performed assessments of the events. The primary end point was major adverse cardiac events (MACE), defined as cardiac death, hospitalization for acute myocardial infarction, or unstable angina pectoris. The time frame in the survival analysis was defined as time from the date of diagnosis until the date of the first event or until December 2012. The secondary end point was all-cause mortality. Cardiac death was defined as sudden death or death associated with acute myocardial infarction. Acute myocardial infarction was defined by the presence of prolonged (>30 minutes) chest pain, associated with ST-segment changes and elevated cardiac enzyme levels. Unstable angina pectoris represented recurrence or worsening of chest discomfort or pain, associated with ischemic ECG changes. 
Statistical Analysis

Results
Prevalence of ACh-Provoked Coronary Spasm and Spasm Patterns Figure 2 provides a flow chart of the patient recruitment process. Among 1877 participants, we excluded 117 patients for the following reasons: acute myocardial infarction (n=20), cardiomyopathy (n=75), Brugada syndrome (n=10), myocarditis (n=1), pulmonary thromboembolism (n=3), peripheral artery disease (n=1), secondary hypertension (n=2), chronic stable aortic dissection (n=1), vertigo (n=1), abdominal aortal aneurysm (n=1), and familial hypercholesterolemia (n=1). Therefore, data for 1760 patients (meanAESD age 63.0AE 11.0 years) who had undergone selective ACh-provocation test were analyzed. A positive ACh-provocation test was recorded in 873 of 1760 patients. Of the remaining 887 patients who did not show epicardial coronary spasm after intracoronary injection of ACh, 123 were suspected to have developed coronary microvascular spasm or dysfunction because they had significant myocardial lactate production (although without epicardial coronary spasm) during the ACh-provocation test. Therefore, 764 patients were defined as the nonspasm group that was truly negative for ACh-provocation Clinical Characteristics of the Study Population Table 1 shows the clinical characteristics of ACh-positive (n=873, 53%) and nonspasm (n=764, 47%) groups. Age, male sex, current smoking, dyslipidemia, family history of IHD, and comorbidity of coronary epicardial stenosis were significantly higher in the ACh-positive group than in the nonspasm group. On the other hand, serum hemoglobin A1c level, triglyceride level, and left ventricular ejection fraction (LVEF) measured with left ventriculography were significantly lower in the ACh-positive group than in the nonspasm group. Cardiac death and nonfatal myocardial infarction during the ACh-provocation test were not encountered in this study.
Predictive Factors of ACh-Provoked Coronary Spasm
Simple logistic regression analysis demonstrated that old age, male sex, current smoking, dyslipidemia, family history of IHD, and comorbidity of coronary epicardial stenosis correlated significantly with the ACh-provoked coronary spasm ( (Table 2) . HosmerLemeshow goodness-of-fit v2 was 10.613 with a P value of 0.225. in patients of the focal spasm group than in those of the nonspasm group, whereas serum hemoglobin A1c levels, serum hs-CRP levels, and LVEF were significantly lower in the focal spasm group than in the nonspasm group. On the other hand, old age, female sex, dyslipidemia, family history of IHD, and serum HDL cholesterol levels were significantly higher in the diffuse spasm group than in the nonspasm group, whereas diastolic blood pressure, serum hemoglobin A1c levels, serum ACh indicates acetylcholine; OR, odds ratio; IHD, ischemic heart disease; eGFR, estimated glomerular filtration rate.
ACh-Induced Coronary Spasm Patterns and Clinical Features
triglyceride levels, and serum hs-CRP levels were significantly lower in the diffuse spasm group than in the nonspasm group. The percentage of female sex, serum total cholesterol levels, serum HDL cholesterol levels, LVEF, multivessel spasm, and myocardial lactate production were significantly higher in patients of the diffuse spasm group than in those of the focal spasm group, whereas current smoking, hypertension, diastolic blood pressure, serum triglyceride levels, and comorbidity of coronary epicardial stenosis were significantly lower in the diffuse spasm group than in the focal spasm group. Table 4 compares the symptoms and ECG changes during spontaneous attack and ACh-provocation test in patients with VSA with diffuse and focal spasm patterns. ST-segment elevation during spontaneous attack was more frequently observed in the focal spasm group than in the diffuse spasm group (P=0.007). During ACh-provocation test, symptoms similar to those encountered during spontaneous attacks were more frequently observed in the focal spasm group than in the diffuse spasm group (P=0.004). Furthermore, ST-segment elevation and life-threatening arrhythmia were more frequently observed during ACh-provocation test in the focal spasm group than in the diffuse spasm group (P<0.001 and P=0.008, respectively). Table 5 shows the results of simple and multivariable logistic regression analyses for the diffuse spasm group. Simple logistic regression analysis demonstrated that female sex, current smoking, hypertension, comorbidity of coronary epicardial stenosis, and myocardial lactate production were associated with ACh-induced diffuse spasm pattern in ACh-positive 
Clinical Outcome of Patients With VSA Diagnosed by ACh-Provocation Test
During a mean follow-up period of 49AE19 months, MACE was registered in 43 patients (cardiac death, n=3; myocardial infarction, n=6; and unstable angina, n=34). Noncardiac deaths were recorded in 27 patients. The complete follow-up rate was 91% for 2-year follow-up, 85% for 3-year follow-up, and 75% for 5-year follow-up. The median follow-up period of patients who did not have an event was 60 months (range 48 to 60 months). The frequencies of current smoking, organic stenosis, variant angina, and high systolic blood pressure were significantly higher in the patients with VSA with MACE than in those without MACE, whereas the frequencies of diffuse spasm pattern were significantly lower in the patients with VSA with MACE than those without MACE ( Table 6 ). The 5-year survival rates free from MACE and all-cause death were 94.2% and 96.4%, respectively. Kaplan-Meier survival curve demonstrated significantly higher incidence of MACE in patients of the focal spasm group (P=0.019 by log-rank test) (Figure 3) . Univariate Cox hazard analysis showed that smoking, comorbidity of coronary epicardial stenosis, diffuse spasm subtype, and variant angina, but not myocardial lactate production, were closely associated with the incidence of MACE. Multivariable
Cox hazard regression analysis identified diffuse spasm subtype as a significant negative predictor of MACE (hazard ratio 0.348, 95% CI 0.140 to 0.863; P=0.023) ( Table 7) .
Discussion
The coronary spasm provocation test, involving intracoronary injection of ACh or ergonovine, is used in clinical cardiovascular practice for the diagnosis of VSA. [24] [25] [26] [27] [28] However, the relationship between angiographic patterns of ACh-provoked coronary spasm and the clinical features of patients with VSA has not been thoroughly investigated. In the present study, we analyzed 1877 consecutive patients who had undergone the ACh-provocation test in a single center during the past 20 years. To the best of our knowledge, this is the first report that describes the relation between the pattern of ACh-provoked coronary spasm and the clinical characteristics of VSA in a large study population. The present study demonstrated a positive ACh-provocation test in 53% of Japanese patients with history of angina-like chest pain, a rate higher than that described in a previous study. 27 One potential reason for the higher rate is that the washout period for calcium channel blockers and nitrates was longer (%1 week in our study), which was set to enhance coronary vasomotor response to intracoronary ACh injection. Another reason could be related to the inclusion in our study of the diffuse spasm pattern as a criterion for a positive ACh-provoked coronary spasm. In the present study, the factors that correlated with positive ACh-provocation test, such as age, current smoking, dyslipidemia, family history of IHD, and comorbidity of coronary epicardial stenosis, were similar to the general coronary risk factors of CAD. Furthermore, coronary spasm was provoked at a site similar to that of coronary epicardial stenosis in >50% of the patients with VSA with significant epicardial stenosis, a finding consistent with the report by MacAlpin et al. 29 However, further studies are needed to prove the relation between coronary spasm and progression of coronary atherosclerosis. We divided ACh-positive patients into 2 groups according to the angiographic patterns of ACh-induced coronary artery spasm: focal and diffuse spasm patterns. The former was observed in patients with VSA with general coronary risk factors of CAD, while the latter was seen in female patients with VSA with less coronary risk factors and was more likely to be a multivessel spasm. Analysis of the data of the 2 groups indicated that the ACh-induced diffuse spasm pattern could represent the consequence of endothelial dysfunction rather than focal spasm because the sites of diffuse spasm were not likely to be accompanied by significant coronary epicardial stenosis. Previous reports 30, 31 identified severe coronary endothelial dysfunction as a predictor of cardiovascular events in patients with and without CAD. The prevalence of coronary epicardial stenosis is reported to be higher in white patients with VSA than in their Japanese counterparts. 5, 22 On the other hand, race-related differences in the prevalence of VSA between Japanese and whites have been reported. 5, 26, 27, 32 The results of drug-induced coronary spasm provocation tests using ACh or ergonovine indicate higher incidence of coronary spasm in Japanese than in whites. 26, 27, 32 Pristipino et al 5 reported that coronary spasm was observed in 37% of whites and 80% of Japanese during the ACh-provocation test conducted early after the onset of myocardial infarction, indicating a high prevalence of coronary spasm in Japanese. On the other hand, a recent report has shown that coronary spasm is also frequent in European patients without significant coronary epicardial stenosis.
14,15
The ACOVA Study (Abnormal COronary VAsomotion in patients with stable angina and unobstructed coronary arteries) 15 reported that 62% of patients with stable angina and unobstructed CAD who had exercise-related anginal symptoms had a positive ACh-provocation test (45% epicardial and 55% microvascular spasm) and that those patients with evidence of abnormal coronary vascular tone were more likely to be females . Although it is difficult to compare directly the ACOVA and the present study because the inclusion criteria of the study population and the protocol of ACh-provocation test were different, functional abnormalities of the coronary arteries should be considered in the differential diagnosis in both Japanese and white patients with stable angina and unobstructed CAD. Based on these findings, an international collaborative study seems to be necessary to establish the criteria for the diagnosis of VSA and to compare the prevalence of VSA in a larger study population. The present study demonstrated that there was a higher proportion of patients with VSA of the diffuse spasm group with myocardial lactate production during the ACh-provocation test compared with the focal spasm group. At present, the diffuse spasm pattern is not included as a positive criterion for ACh-provocation test in the current VSA guideline. 22 The results of the present study point to the need to include the diffuse spasm pattern in the criteria of a positive ACh-provocation test for the diagnosis of patients with VSA. Furthermore, measurement of serum lactate levels in the coronary circulation might be helpful as a supporting diagnostic test, in addition to ACh-provoked angiographic findings and ischemic ST-segment changes on the ECG. However, in the present study, ACh-provoked myocardial lactate production was not associated with the incidence of MACE. These results suggest that myocardial lactate production might have a diagnostic value for the evidence of ACh-provoked myocardium ischemia but not influence the prognosis of patients with VSA treated with coronary vasodilator agents. In the present study, MACE was registered in 43 patients (5.8%) during a mean follow-up period of 49AE19 months. In this regard, a recent study from the Japanese Coronary Spasm Association 21 reported that 69 of 1244 patients (5.5%) with VSA developed MACE during a median follow-up period of 32 months, indicating that our results are almost identical to those of the above study. 21 It is possible that the low MACE rate in the 2 studies was due to medical treatment (eg, calcium channel blockers and long-acting nitrates) and the high rate of complete follow-up.
In the present study, Kaplan-Meier survival curve indicated a high incidence of MACE in the focal spasm group. Furthermore, multivariable Cox hazard regression analysis identified diffuse spasm pattern as a significant negative predictor of MACE in patients with VSA. The result of the correlation between angiographically confirmed ACh-induced coronary spasm subtype (focal and diffuse spasm) and long-term prognosis of patients with VSA is new and interesting information. In this regard, a recent study on 1244 patients with VSA conducted by the Japanese Coronary Spasm Association 21 reported that AChor ergonovine-provoked diffuse spasm did not correlate with the incidence of MACE during a median follow-up period of 32 months (the provocation test was performed with either ACh [57%] or ergonovine [40%] in their study). Furthermore, Sueda et al 33 reported that the site and pattern of coronary spasm provoked by ACh and ergonovine are different even in the same coronary artery of the same patients with VSA, suggesting the need to evaluate the relation between the angiographically confirmed drug-induced coronary spasm subtype and the prognosis of patients with VSA after unifying the drug-provocation test. The present study has certain limitations. First, the study was retrospective study design. Therefore, we could not examine the MACE rate in nonspasm patients. Although we followed most of patients with VSA to treat with coronary vasodilator agents, it was difficult to follow the nonspasm patients because they did not regularly visit the hospital for the medical treatment. Second, the causal relationship between medications and pathological condition was not fully investigated. Third, we could not confirm whether diffuse spasm occurred at a site distal to focal occlusion. Fourth, we did not perform intravascular ultrasound or optical coherence tomography to investigate the relationship between the structure of the spasm site and ACh-induced spasm subtype. Fifth, outcome analysis had low statistical power due to the small number of events. A prospective multicenter study in a large study population to investigate the clinical features, structural analysis, and prognosis of patients with VSA with focal and diffuse spasm patterns should be conducted in the future.
In conclusion, although the factors that contribute to a positive ACh-provocation test were similar to the general coronary risk factors of CAD, patients with VSA with angiographically confirmed ACh-induced diffuse coronary spasm during the provocation test seem to have different clinical features and prognosis from those of the focal spasm pattern, highlighting the need to identify the ACh-provoked coronary spasm subtypes in patients with VSA.
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